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Optimization of a Broadband Waveguide Magic-T for X-Band
Monopulse Tracking Radars
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Abstract

Design and optimization of a broadband waveguide magic-T was performed for X-Band tracking radars. A multi-
stepped conducting cylinder was used to enhance the bandwidth performance of the conventional waveguide magic-Ts.
Particles swarm optimization in conjunction with genetic algorithm was employed to obtain the optimized geometrical
parameters. The optimized design exhibits low reflection coefficient below —20 dB at all waveguide ports with fre-
quency bandwidth of 12 %. The transmission loss and difference are within 0.2 dB and 0.1 dB, respectively. Measured
results are also shown to be in good agreement with the simulated results. Finally, the bandwidth performances for
five and seven-stepped conducting cylinders are also investigated.

Key words : Waveguide Magic-T, Monopulse Comparator, Hybrid Particle Swarm Optimization
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(a) Configuration of the monopulse comparator

Magic-T

Magic-T

Exg2 v

(b) MDL jt2 WR187 =@

(b) WR187 waveguide monopulse comparator of MDL

28 1 B9 A A AR 9

Fig. 1. Monopulse comparator for sum and difference
pattern generation.
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(a) 329 A AdIHE WA magic-T
(a) Magic-T with a stepped conducting cylinder

®) A8 A Ut M=
(b) Detailed profile of the stepped conducting cylinder

}}
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(¢) Sideview

38 2. Fuld =9t magic-T
Fig. 2. Broadband waveguide magic-T.
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Fig. 4. Cost value versus iteration number(n=3).
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Table 1. Optimized parameters of the stepped conduc-
ting cylinder(n=3).

st2talH EEE S EEEEE
71 0.1~6 mm 0.80
sy 0.1~6 mm 5.10
Sy 0.1~6 mm 4.50
ky 0.5~10 mm 10.11
hy 0.5~6 mm 1.92
hy 0.5~6 mm 1.50
Y 0.1~5 mm 1.03
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a3 5. A=Y =33 magic-T F/3n=3)
Fig. 5. Fabricated waveguide magic-T(n=3).

Reflection and isolation coefficients (dB)

— S, | simulated
= " -
K . 1S} measured
—— ’Szz‘ measured
-40 - =<5, i measured| |
== 18,1 measured
-45 : : "
8 8.5 9 85 10 105 1

Frequency (GHz)
18 6. 493t =9 magic-TS ¥AF 2 A A
F 34 AMNn=3)
Fig. 6. Measured reflection and isolation coefficients of
the optimized waveguide magic-T(n=3).
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Fig. 7. Measured transmission coefficient of the opti-
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Fig. 9. Cost value versus iteration number(n=5, 7).
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Fig. 10. Simulated reflection coefficients of the optimi-
zed waveguide magic-T(n=5).
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Fig. 11. Simulated reflection coefficients of the opti-
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2 FHHstd A2y 4dnY AA gn=s, 1)
Table 2. Optimized parameters of the stepped conduct-
ing cylinder(n=5, 7).

A 3 A A3
sEECHIEEER TN B S vt
7y 0.1~6 mm 0.53 0.61
S 0.1~6 mm 1.1 0.16
Sy 0.1~6 mm 2.90 0.68
S3 0.1~6 mm 4.13 1.47
Sy 0.1~6 mm 3.63 3.07
S5 0.1~6 mm X 273
S 0.1~6 mm X 37
hy 0.5~10 mm 8.12 8.07
ko 0.5~6 mm 3.40 1.05
Ry 0.5~6 mm 1.20 1.00
hy 0.5~6 mm 1.37 115
s 0.5~6 mm 1.16 1.03
hy 0.5~6 mm X 0.97
h, 0.5~6 mm X 128
? 0.1~5 mm 2.04 191
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